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Description 

FIELD OF THE INVENTION 

This invention relates to a photosensitive printing element and, more particularly, to a flexographic e lement having 
an iSZ!^S^^ capable of being selectively removed by a laser beam. This .nvent.on also relates to a 
process for making a flexographic printing plate from such an element. 

BACKGROUN D OF THE INVENTION 

and a phlSatoTp^ensitive elements generally have a photopo.ymerizable layer ^^J^T^^ 
and a Toversheet or multilayer cover element. Upon imagewise exposure to actln ^f' a »'° t ^ 
hence, insolubilization of the photopolymerizab.e layer occurs in the exposed areas. Tranent with .-MhM. 
removes the unexposed areas of the photopolymerizable layer leav.ng a pr,nt.ng rel.ef wh.ch can be used for flexo 

9ra TmaaeSexposure of a photosensit^e element requires the use of a phototool which is a mask having clear and 

7i £o,o,ool ma , Oaoge «*» in d*,«»ion do. ,o chang.s in t m p„ = 

same phototool whan u.ad al diHarant «mas or in dm.renl anAoomants, may g»o d,risrenl results and could oausa 

"^T.^oTdssMbla.o.^ 

and which can be utilized to form a mask image on top of flexographic pnntmg elements. 

SUMMARY OF THE INVENTION 

The present invention relates to a photosensitive printing element used for preparing flexographic printing plates 



comprising 

(a) a support, 



h I nSoDolvmerizable layer comprising an elastomeric binder, at least one monomer and an initiator having 

so.ub,e, swe.lab.e, dispersible or iiftab.e in the devour solution for the 

SmS"sensitive materia, is ablatab.e from the surface of the barrier .ayer upon exposure to mfrared laser 
radiation. 

The invention further relates to a process for making a flexographic printing plate, wbich comprises: 
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(1) imagewise ablating layer (d) of the element described above with infrared laser radiation to form a mask; 

(2) overall exposing the photosensitive element to actinic radiation through the mask; and 

(3) treating the product of step (2) with at least one developer solution to remove (i) the infrared-sensitive material 
which was not removed during step (1 ), (ii) the areas of the barrier layer which were not exposed to actinic radiation, 

s and (iii) the areas of the photopolymerizable layer (b) which were not exposed to actinic radiation. 

DETAILED DESCRIPTION OF THE INVENTION 

The element and process of the invention combine the convenience and sensitivity of infrared laser imaging with 

10 conventional photopolymerizable compositions to produce flexographic printing plates with known good printing quality 
quickly, economically, and by digital imaging means. 

The photosensitive element of the invention comprises, in order, a support, a photopolymerizable layer, at least 
one barrier layer, and a layer of infrared radiation sensitive material. 

The support can be any flexible material which is conventionally used with photosensitive elements used to prepare 

is flexographic printing plates. Examples of suitable support materials include polymeric films such those formed by ad- 
dition polymers and linear condensation polymers, transparent foams and fabrics. A preferred support is a polyester 
film; particularly preferred is polyethylene terephthalate. The support typically has a thickness from 2 to 1 0 mils (0.0051 
to 0.025 cm), with a preferred thickness of 3 to 8 mils (0.0076 to 0.020 cm). 

As used herein, the term "photopolymerizable" is intended to encompass systems which are photopolymerizable, 

20 photocrosslinkable, or both. The photopolymerizable layer comprises an elastomeric binder, at least one monomer 
and an initiator, where the initiator has a sensitivity to non-infrared actinic radiation. In most cases, the initiator will be 
sensitive to visible or ultraviolet radiation. Any photopolymerizable compositions which are suitable for the formation 
of flexographic printing plates can be used for the present invention. Examples of suitable compositions have been 
disclosed, for example, in Chen etal., U.S. Patent 4,323,637, Gruetzmacher et al., U.S. Patent 4,427,749 and Feinberg 

2S etal., U.S. Patent 4,894,315. 

The elastomeric binder can be a single polymer or mixture of polymers which can be soluble, swellable or dispers- 
ible in aqueous, semi-aqueous or organic solvent developers. Binders which are soluble or dispersible in aqueous or 
semi-aqueous developers have been disclosed in Alles U.S. Patent 3,458,311 ; Pohl U.S. Patent 4,442,302; Pine U.S. 
Patent 4, 36 1,640; Inoueetal., U.S. Patent 3,794,494; ProskowU.S. Patent 4,1 77,074; ProskowU.S. Patent 4,431, 723; 

30 and Worns U.S. Patent 4,517,279. Binders which are soluble, swellable or dispersible in organic solvent developers 
include natural or synthetic polymers of conjugated diolefin hydrocarbons, including polyisoprene, 1,2-polybutadiene, 
1 ,4-polybutadiene, butadiene/acrylonitrile, butadiene/styrene thermoplastic-elastomeric block copolymers and other 
copolymers. The block copolymers discussed in Chen U.S. Patent 4,323,636; Heinz et al., U.S. Patent 4,430,417; and 
Toda et al., U.S. Patent 4,045,231 can be used. It is preferred that the binder be present in at least an amount of 65% 

55 by weight of the photosensitive layer. 

The term binder, as used herein, encompasses core shell microgels and blends of microgels and preformed mac- 
romolecular polymers, such as those disclosed in Fryd et al., U.S. Patent 4,956,252. 

The photopolymerizable layer can contain a single monomer or mixture of monomers which must be compatible 
with the binder to the extent that a clear, non-cloudy photosensitive layer is produced. Monomers that can be used in 

40 the photopolymerizable layer are well known in the art. Examples of such monomers can be found in Chen U.S. Patent 
4,323,636; Fryd et al., U.S. Patent 4,753,865; Fryd et al., U.S. Patent 4,726,877; and Feinberg et al., U.S. Patent 
4,894,315. It is preferred that the monomer be present in at least an amount of 5% by weight of the photopolymerizable 
layer. 

The photoinitiator can be any single compound or combination of compounds which is sensitive to non-infrared 
4$ actinic radiation, generating free radicals which initiate the polymerization of the monomer or monomers without ex- 
cessive termination. The photoinitiator is generally sensitive to visible or ultraviolet radiation, preferably ultraviolet 
radiation. It should be thermally inactive at and below 1 85°C. Examples of suitable photoinitiators include the substituted 
and unsubstituted polynuclear quinones. Examples of suitable systems have been disclosed in Gruetzmacher U.S. 
Patent 4,460,675 and Feinberg et al., U.S. Patent 4,894,315. Photoinitiators are generally present in amounts from 
so 0.001 % to 1 0.0% based on the weight of the photopolymerizable composition. 

The photopolymerizable layer can contain other additives depending on the final properties desired. Such additives 
include sensitizers, rheology modifiers, thermal polymerization inhibitors, tackifiers, plasticizers, colorants, antioxi- 
dants, antiozonants, or fillers. 

The thickness of the photopolymerizable layer can vary over a wide range depending upon the type of printing 
ss plate desired. For so called "thin plates" the photopolymerizable layer can be from about 20 to 50 mils (0.05 to 0.13 
cm) in thickness. Thicker plates will have a photopolymerizable layer up to 100-250 mils (0.25 to 0.64 cm) in thickness 
or greater. 

At least one barrier layer is interposed between the photopolymerizable layer and the layer of infrared-sensitive 
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materia,. The barrier fcyer serves two important functus. First, 

topolymerizable .ayerand the infrared-sensitive "^"^E^ iayer, then the 

are compatible with the materials in the other layer. If such m grat, ™ ^^T" and tackifying of the infrared 
infrared sensrtMty of that layer can be altered. ^^T^^^^Z^ be no migration, 
sensitive layer after imaging. If there is no « =ompa ta ^^^*?^JS^* oxygen when the photopolymer- 
Second, the barrier layer shields the photopolymenzable layer ™ ure times or higher 

izab.elayerisovera.lexposedtoactin^ 

intensity radiation sources, and the results are >^££*<abto when oxygen p r ^ 

dresses these problems. ^..nir radiation so that when the element is exposed to 

The barrier layer must be substantially transparent to act. n.c rachat orv " ™*T , he barrier layer 

actinic radiation through the infrared-sensitive ^^.^^^^^T^b^SS SouW also initially (i.e., 
to the photopolymerizable layer without significant d,mjnut.on _n ^^^^SiS^mt^ photopolym- 
prior to exposure to actinic radiation) be soluble, swellable or d specie in the WJJ^ ofl barrier 

erizable layer or it should be liftable in that solvent. By Irftable :» ^^^^^ at , eaS t those areas 
,ayer at .east partial intact. This is so that the ^^^^SSK^S layer is also removed. 

are conventional used as a release layer in f.exograph.c ^ ,n 9 

hydroxyallcy. cel.ulose, copolymers * deve.oper solvent prior to 

expTreT^ 

arsK c=bT the — 

LreLToUhe photopojerizable become photo- 

This type of barrier layer can be photosensrtrve rtse « ^e. ■ Qf , r js usua ,^ a layer of an 

sensitive when in contact with the photopolymenzable ^JT. n^^n^e elastomer* binder layer similar 
eleetomeric composrtion. The composition can cons.st ^X^S^SSSZSt* a monomer and initiator. A 
to the binder in the photopolymerizable layer or rt can be *e b.nder uv 

preferred barrier layer is an elastomer* composrt.cn eJastomer« ^'^^^ ^^on 

binder and optionally a nonmigratory dye or pigment. ^^^^^^ *U Suitable compositions 

, - — described in 

next to the photopolymerizable layer and this, ^ U ^?V nature of the 

before and after exposure to actinic rad.ation. The exact chOK of P e|emenl 

i photopolymerizable layer and the infrared-sensrt^e to prevent migration and air 

The barrier layer, of either type, should be th.ck enough toad ^ ™™ ^otopolymerizabte layer to actinic 

sr^^^^^ 3 ^° 00025 to 0 076 mm) - A 

o -r^^^ — M which must be ab,atab,e - 

radiation. This can beaccomp.is ^"^^^^ ^ 
they do not adversely affect the imaging properties of the element. 
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The infrared-absorbing material should have a strong absorption in the region of the imaging radiation, typically 
750 to 20,000 nm. Examples of suitable infrared-absorbing materials include, poly(substituted)phthalocyanine com- 
pounds; cyanine dyes; squarylium dyes; chalcogenopyryloarylidene dyes; bis(chalcogenopyrylo)polymethine dyes; 
oxyindolizine dyes; bis(aminoaryl)polymethine dyes; merocyanine dyes; croconium dyes; metal thiolate dyes; and qui- 
s noid dyes. Also suitable are dark inorganic pigments such as carbon black, graphite, copper chromite, chromium oxides 
and cobalt chrome aluminate; metals such as aluminum, copper or zinc; and alloys of bismuth, indium and copper. 
The metallic materials generally function as both infrared-absorbing material and radiation-opaque material. They are 
generally applied without a binder. 

Infrared-absorbing materials can be present in any concentration which is effective for the intended purpose. In 
10 general, for the organic compounds, concentrations of 0.1 to 40% by weight, based on the total weight of the layer, 
have been found to be effective. 

Any material which prevents the transmission of actinic light to the photopolymerizable layer can be used as the 
radiation-opaque material. Examples of suitable materials include dyes and pigments. As initiators used in the pho- 
topolymerizable layer are often sensitive to actinic radiation in the ultraviolet and/or visible region, it is preferred to use 
is carbon black to provide U V/visible opacity. When carbon black is used it is not necessary to use an additional infrared- 
sensitive material. 

The concentration of the radiation-opaque material is chosen so as to achieve the desired optical density, i.e., so 
that the layer prevents the transmission of actinic radiation to the photopolymerizable layer. In general, a transmission 
optical density greater than 2.0 is preferred. The concentration of radiation-opaque material which is needed, decreases 

20 with increasing thickness of the layer. In general a concentration of 1 -70% by weight, based on the total weight of the 
layer can be used. It is preferred to use 2-40% by weight, based on the total weight of the layer. 

The optional binder is a polymeric material which should satisfy several requirements: (1) The binder should be 
effectively removed by the heat generated by the infrared -absorbing material when the layer is exposed to infrared 
laser radiation. (2) The binder should be removable from the surface of the photopolymerizable layer after the infrared 

25 imaging step. This condition is met if the binder is soluble, swellable or dispersible in the developer solvent for the 
photopolymerizable layer. The binder may also be removed in a separate step, e.g. , the binder can be soluble, swellable 
or dispersible in a second solvent which does not affect the polymerized areas of the photopolymerizable layer. (3) 
The binder should be one in which the other materials in the infrared-sensitive layer can be uniformly dispersed. (4) 
The binder should be capable of forming a uniform coating on the barrier layer. Examples of organic binders which 

30 can be used include self -oxidizing polymers such as nitrocellulose; non-self -oxidizing polymers such as ethy (cellulose, 
polyacrylic acids and the metal alkali salts thereof; thermochemically decomposable polymers such as hombpolymers 
and copolymers of acrylates, methacrylates, and styrene; butadiene, isoprene, and their copolymers (i.e., polymers of 
two or more monomers) and block copolymers with styrene and/or olefins, pyrolyzable films such as polyvinyl alcohol, 
polyvinyl chloride, and polyacrylonitrile; amphoteric interpolymers; and mixtures thereof. 

35 A dispersant is generally added when a pigment is present in the infrared-sensitive layer in order to disperse the 

fine particles and avoid flocculation and agglomeration. A wide range of dispersants is commercially available. Suitable 
dispersants are the A-B dispersants generally described in "Use of A-B Block polymers as Dispersants for Non-aqueous 
Coating Systems 8 by H. K. Jakubauskas, Journal of Coating Technology, Vol. 58; Number 736; pages 71-82. Useful 
A-B dispersants are disclosed in U.S. Patents 3,684,771 ; 3,788,996; 4,070,388 and 4,032,698. The dispersant is gen- 

40 erally present in an amount of about 0.1 to 10% by weight, based on the total weight of the layer. 

A plasticizer can be added to adjust the film forming properties of the binder. Suitable plasticizers include, for 
example, triphenyl phosphite, dimethyl phthalate, diethyl phthalate, dicyclohexyl phthalate, cyclohexyl benzyl phthalate, 
dibutoxy ethyl adipate, ethyleneglycol dibenzoate, pentaerythritol tetrabenzoate, glycerol diacetate, glyceryl carbonate, 
polyethylene glycol monolaurate, methyl phthalyl ethyl glycolate, o.o/toluenesulfonamide, N-ethyl-p/toluenesulfona- 

45 mide, and N-cyclohexyl-o,£-toluenesulfonamide. The plasticizer should be present in an amount effective for the in- 
tended purpose which depends on the properties of the binder, the plasticizer, and the other components of the layer. 
In general, the amount of plasticizer, when present, is 1-30% by weight, based on the weight of the layer. 

The thickness of the infrared-sensitive layer should be in a range to optimize both sensitivity and opacity. The layer 
should be thin enough to provide good sensitivity, i.e., the infrared-sensitive layer should be removed rapidly upon 

50 exposure to infrared laser radiation. At the same time, the layer should be thick enough so that the areas of the layer 
which remain on the photopolymerizable layer after imagewise exposure effectively mask the photopolymerizable layer 
from actinic radiation. In general, this layer will have a thickness from about 20 Angstroms to about 50 micrometers. 
It is preferred that the thickness be from 40 Angstroms to 40 micrometers. 

The photosensitive element of the invention can also include atemporary coversheet on top of the infrared-sensitive 

55 layer. The purpose of the coversheet is to protect the infrared-sensitive layer during storage and handling. It is important 
that the coversheet be removed prior to exposing the infrared-sensitive layer to infrared laser radiation. Examples of 
suitable materials for the coversheet include thin films of polystyrene, polyethylene, polypropylene, polycarbonate, 
fluoropoiymers, polyamide or polyester, which can be subbed with release layers. 
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The ohotosensitive element of the invention is generally prepared by first preparing ^P*"^** 1 * ,ay8 ' 

^ «^ ffitfSU-- on temporary coversheets: the Photopo.ym.izable Jj-rbj 
barrier layer, and applying the infrared-sens.tive layer such that the infra f ^ e ' „ thfl , The 

ima Te "infrared-sensitive .ayer can also be coated direct.y onto the barrier layer which is on the photopolymerizab.e 

laye The process of the invention invokes (1 ) imagewise ablating layer (d) of the element -"^JJSXJSlS 
masM2)overal.exposingthe photosensitive elementtoactini^ 

of step (2) with at least one developer so.ut.on treating the produ* barr i er , ayer which 



45 



50 



55 



size, low cost, stability, reliability, ruggedness and ease of modulation. Diode J^JJ*"^ D £ Q Laborat ories 
nm may be used to advantage. Such lasers are commercially available from, for example. Spectra uioae l 
fSan Jose CAi YAG lasers emitting at 1060 nm are also very effective. . . . , ■ 
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by the radiation -opaque material do not polymerize. The areas not covered by the radiation-opaque material are ex- 
posed to actinic radiation and polymerize. Any conventional sources ot actinic radiation can be used for this exposure 
step. Examples of suitable visible or UV sources include carbon arcs, mercury-vapor arcs, fluorescent lamps, electron 
flash units, electron beam units and photographic flood lamps. The most suitable sources of UV radiation are the 

5 mercury-vapor lamps, particularly the sun lamps. A standard radiation source is the Sylvania 350 Blacklight fluorescent 
lamp (FR 48T1 2/350 VL/VHO/180, 115 w) which has a central wavelength of emission around 354 nm. 

It is contemplated that the imagewise exposure to infrared radiation and the overall exposure to actinic radiation 
can be carried out in the same equipment. It is preferred that this be done using a drum-i.e., the photosensitive element 
is mounted on a drum which is rotated tb allow for exposure of different areas of the element. 

10 The actinic radiation exposure time can vary from a few seconds to minutes, depending upon the intensity and 

spectral energy distribution of the radiation, its distance from the photosensitive element, and the nature and amount 
of the photopolymerizable composition. Typically a mercury vapor arc or a sunlamp is used at a distance of about 1 .5 
to about 60 inches (3.8 to 153 cm) from the photosensitive element. Exposure temperatures are preferably ambient 
or slightly higher, i.e., about 20° to about 35°C. 

is The process of the invention usually includes a back exposure or backflash step. This is a blanket exposure to 

actinic radiation through the support. It is used to create a shallow layer of polymerized material, or a floor, on the 
support side of the photopolymerizable layer and to sensitize the photopolymerizable layer. The floor provides improved 
adhesion between the photopolymerizable layer and the support, helps highlight dot resolution and also establishes 
the depth of the plate relief. The backflash exposure can take place before, after or during the other imaging steps. It 

20 is preferred that it take place just prior to the imagewise exposure to infrared laser radiation on the infrared-sensitive 
layer side of the element. 

Any of the conventional radiation sources discussed above can be used for the backflash exposure step. Exposure 
time generally range from a few seconds up to about a minute. 

Following overall exposure to UV radiation through the mask formed by the actinic radiation -opaque material, the 
25 image is developed by washing with a suitable developer. Development is usually carried out at about room temper- 
ature. The developers can be organic solvents, aqueous or semi-aqueous solutions. The choice of the developer will 
depend on the chemical nature of the photopolymerizable material to be removed. Suitable organic solvent developers 
include aromatic or aliphatic hydrocarbon and aliphatic or aromatic halohydrocarbon solvents, or mixtures of such 
solvents with suitable alcohols. Other organic solvent developers have been disclosed in published German Application 
30 38 28 551. Suitable semi-aqueous developers usually contain water and a water miscible organic solvent and an 
alkaline material. Suitable aqueous developers usually contain water and an alkaline material. Other suitable aqueous 
developer combinations are described in U.S. Patent No. 3,796,602. 

Development time can vary, but it is preferably in the range of about 2 to 25 minutes. Developer can be applied in 
any convenient manner, including immersion, spraying and brush or roller application. Brushing aids can be used to 
35 remove the unpolymerized portions of the composition. However, washout is frequently carried out in an automatic 
processing unit which uses developer and mechanical brushing action to removed the unexposed portions of the plate, 
leaving a relief constituting the exposed image and the floor. 

A pre-development step may be necessary if the infrared-sensitive layer is not removable by the developer solvent. 
An additional developer, which does not effect the polymerized photosensitive material can be applied to remove the 
40 infrared-sensitive layer first. This is particularly true when metallic materials are used. In such cases, etching solvents 
are used, such as 2% aqueous KOH solution. 

Following solvent development, the relief printing plates are generally blotted or wiped dry, and then dried in a 
forced air or infrared oven. Drying times and temperatures may vary, however, typically the plate is dried for 60 to 120 
minutes at 60°C. High temperatures are not recommended because the support can shrink and this can cause regis- 
45 tration problems. 

Most flexographic printing plates are uniformly post-exposed to ensure that the photopolymerization process is 
complete and that the plate will remain stable during printing and storage. This post-exposure step utilizes the same 
radiation source as the main exposure. 

Detackification is an optional post-development treatment which can be applied if the surface is still tacky, such 

50 tackiness not generally being removed in post-exposure. Tackiness can be eliminated by methods well known in the 
art, such as treatment with bromine or chlorine solutions. Such treatments have been disclosed in, for example, Gru- 
etzmacher U.S. Patent 4,400,459, Fickes et al., U.S. Patent 4,400,460 and German Patent 28 23 300. Detackification 
can also be accomplished by exposure to radiation sources having a wavelength not longer than 300 nm, as disclosed 
in European Published Patent Application 0 017927 and Gibson U.S. Patent 4,806,506. 

55 These elements can be used to particular advantage in the formation of seamless, continuous printing elements. 

The photopolymerizable flat sheet elements can be reprocessed by wrapping the element around a cylindrical form, 
usually a printing sleeve or the printing cylinder itself, and fusing the edges together to form a seamless, continuous 
element. In a preferred method, the photopolymerizable layer is wrapped around the cylindrical form and the edges 
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lay., can men be aptay coated with, at leas ^™ XS«*t= P* «i of continuous designs seen a. in wall- 
step • ■ „ . ^ lha t«rm "flexooraehic printing plate or element" encompasses plates or elements in 

a„ y SrSSrS^^SSSI no. - — - — — — *~ 
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Example 1 

This examples illustrates the prepare ot a photosensitive element having a layer whteh is sensitive to infrared 

radiation and two types of barner layers infrarori-sensitive UV opaque film having a support (Laser- 

An infrared sensitive layer was obtained b V J^^X^lle fcyer was obtained by using 

sensitive film was placed on top of the release layer. The was ^™ na *°° 8 gnd £ e|ement was air dried. The 
with the coating softened, onto the element tour more times. 



30 



35 



40 



45 



Example 2 



a shadow dot pattern wKh the above between the dots, 

layer resulting in a pattern of rows of shadow dots wrth a d «tan« of 250 m ^ ^ 5Q 

After imagewise laser ablating the infrared sensrtrve layer, the ^element was g 
seconds on a Gyre® 3040 light source (E. I. du Pont de ^^^^^^S^Lm V* source without 
top exposure, i.e., through the rnaged Using 3:1 

a vacuum. The exposed element was developed in femoved in the de veloper. The 

vol) of Perclene and butanol. The black mask and the **" Exposed areas only. The plate was 

unit for 10 minutes. Highlight dots were obtained for all exposures excepi me o j 



Example 3 



50 



55 



This example illustrates the process of the invention ^"^aJT^i 
A photosensitive element prepared as descr.bed in Exampte 1 was ^g~ "Sing a o ro 
with an IR diode laser head having 780 to ^ ™ incorporated by 

and Technology, Vol. 36, No. 3. pages 220-224 ^^^^J^T^^^^c^^BAB^ 

in Example 2. An image was obtained. 
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Example 4 

This example illustrates the preparation of a different infrared sensitive layer which is used with a single barrier 
layer which is completely removed in the developer solvent. 

S-B-S, a styrene-butadiene-styrene block copolymer (Kraton® 1102, Shell Chemical Co., Houston, TX) was 
precompounded with carbon black to a level of 10 phr in a Moriyama batch mixer. An infrared sensitive composition 
was prepared by dispersing and dissolving the following components in methylene chloride as a 15% solution: 



Component 


Amount (g) 


S-B-S, 10 phr carbon 


33.0 


MABS a 


16.5 


BHT b 


0.5 


Final %C 


6.06 



a MABS = tetrapolymer of methyimethacrylate/acrylonitrile/butadiene/styrene; 
Blendex® 491 from General Electric Co., Parkersburg, WV 

D BHT = buty rated hydroxy toluene 



The coversheet was removed from a Cyrel® 112 HO printing element (E. I. du Pont de Nemours and Company, 
Wilmington, DE), and the infrared sensitive composition was coated onto the release layer of the Cyrel® plate, which 
functioned as the barrier layer, using a 10 mil (0.025 cm) doctor knife to form a 1 mil (0.0025 cm) dry coating. The UV 
density of the resulting plate was 3.61 . 

The element was then laser ablated as described in Example 2 except that exposures of 100, 200, 300, 400 and 
500 uj and 1 and 2 mj were used. 

After imagewise laser ablating the infrared sensitive layer, the element was exposed and developed as described 
in Example 2. In the development step, the black and the barrier layer are completely removed along with the unexposed 
areas of the photopolymerizable layer. An image with good relief highlight dots was obtained with all exposures levels 
except 100 and 200 uj. 

Example 5 

This example illustrates the use of a spray-coated infrared sensitive layer. This process is particularly useful in the 
formation of continuous printing elements. 

An infrared sensitive composition was prepared by dispersing and dissolving the components given in Example 4 
in toluene to form a 15% solution. Using a Jet Pak Power Unit (Spray-on Products, Inc., Cleveland, OH), the infrared 
sensitive composition was sprayed onto a Cyrel® 112 HO printing element from which the coversheet had been re- 
moved leaving the release layer as the barrier layer. The coating was accomplished in 4 passes. The toluene solvent 
did not attack the barrier or photopolymerizable layers and a good element was obtained. 

Example 6 

An infrared-sensitive composition was prepared from the following: 



Component 


Amount (g) 


Methylene chloride 


283 


S-B-S, 50 phr carbon 


33 


MABS 


16.5 


BHT 


0.5 


Surfactant 3 


0.2 ml 



a FC-430 made by 3M Company (St. Paul, MN> 



Using a 4 mil (0.010 cm) doctor knife, the infrared sensitive solution was coated onto a 1 mil (0.0025 cm) sheet of 
silicone-release treated Mylar® polyester. The dry coating weight was 115.2 g/dm 2 and the resulting optical density 
was 4.79. After the infrared sensitive coating was dry, it was overcoated with a barrier layer coating of 85% polyamide 
(Macromett® 6900 from Henkel Corp., Minneapolis, MN) and 15% amphoteric interpolymer (40% N-t-octylacrylamide, 
34% methyl methacrylate, 1 6% acrylic acid, 6% hydroxypropyl methacry late, and 4% t-butyl amino ethylmethacrylate), 
as a 10% propanol solution, using a 4 mil (0.010 cm) doctor knife. 
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Tho ™„«h ee t and release layer were removed from a Cyrel® 30 CP printing element (E. I. du Pont de Nemours 

andcTpZS 

bmlnarad to the orintHa .lament such that th. barrier Byer was adiacenl to me photopdymer Bye . 
mr.iSS.°rIa«. S,» coversh.et was removed aad the Infrared sensitive lay.t of the element was tmage- 
wise *l«^emg?oomm.row laeer engravfng apoamte. equipped with a NdtYAG laser. The el«h« ^s ^oehted 

Lme™ S a tonal range of 2-98% and isolated fine lines, and dots resolved using a 60 lines ; per inch screen 

AfteMmaaewise laser ablating the infrared sensitive layer, the element was given a backflash exposure for 12 
seconds <£5^1oV5« ~u.ce. and then given atop exposure, i.e., through the imaged "M*-""" 
cS for 7 minutes using the same light source without a vacuum. The exposed 

rotary processor for 3 minutes using 3:1 mixture (vol/vol) of Perclene and butanol. The black mask *• ^mer layer 
andThe unexposed areas of the photosensitive layer were removed. The plate was oven dned for one hour at 60 C 
ad 1 simuSnlousty post exposed and light finished in a Op~W**H* ™^™^™^ d MO) 
Drintinn tP«t* were carried out with the developed plate on a Mark Andy press System 830 (Chestemeia , mu 
using (Environmental Into * Coatings, Morganton, NC) diluted with E.C Aqua Thresh 
EcSTo a viscosity of 20 seconds as measured using a Zahn #2 cup. Printing was done on H. Gloss 40FS S246 
^££ZZ^ OH). All samples were run at optimum impression as judged by the operator at 150 feet 
per minute. Good printed images were obtained. 

Example 7 

This example illustrates the preparation of a very thin inf rared-sensitfce coating which can be used with the Cyrel® 

rss=2£^i^ — * — - 50 phr * a t batch Zen" sssrss 

composition was prepared by dispersing and dissolving the following components ,n methylene chlor.de as a 15% 
solution: 



Component 


Amount (g) 


S-B-S, 50 phr carbon 
BHT 


49.5 
0.5 



usina a 1 mil (0 0025 cm) doctor knife, the infrared sensitive solution was coated onto a 1 mil (0.0025 cm) sheet of 
2.45. 

Example 8 

The procedure of Example 6 was repeated substituting a Cyrel® 67 HO printing element (E. I. du Pont deNemoure 
anri r!mn^u WtaLdon DE) for the cyrel® 30CP printing element. The composite element was exposed and de- 
velop* E£SS^^ that the backSash exposure was 1 5 seconds, the top exposure was 9 minutes 

and the development time was 6 minutes. 

Using the printing conditions of Example 6, a good print image was obtained. 

Claims 

1 . A photosensitive printing element used for preparing flexographic printing plates comprising, in order. 

b) a pKolymerizable layer comprising an elastomeric binder, at least one monomer and an initiator having 
sensitivity to non-infrared actinic radiation; 

c) at least one barrier layer; 
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d) at least one layer of infrared radiation sensitive material which is substantially opaque to actinic radiation, 
wherein the infrared sensitive material is ablatable from the surface of the barrier layer upon exposure to 
infrared laser radiation. 

2. A photosensitive printing element used for preparing flexographic printing plates comprising: 

(a) a support, 

(b) a photopolymerizable layer comprising an elastomeric binder, at least one monomer and an initiator having 
sensitivity to non-infrared actinic radiation, said layer being soluble, swe liable or dispersible in a developer 
solution prior to exposure to actinic radiation; 

(c) at least one barrier layer which is soluble, swellable or dispersible or liftable in the developer solution for 
the photopolymerizable layer prior to exposure to actinic radiation; and 

(d) at least one layer of infrared radiation sensitive material which is substantially opaque to actinic radiation, 

wherein the infrared-sensitive material is ablatable from the surface of the barrier layer upon exposure to infrared 
laser radiation. 

3. An element according to claim 2 which further comprises 

(e) a strippable coversheet which is removed prior to exposure to infrared laser radiation. 

4. An element according to claims 2 or 3 wherein carbon black is present in the infrared radiation sensitive layer (d). 

r 

5. A process for making a flexographic printing plate which comprises: 

(1 ) imagewise ablating layer (d) of the element of claim 2 with infrared laser radiation to form a mask; 

(2) overall exposing the photosensitive element to actinic radiation through the mask; and 

(3) treating the product of step (2) with at least one developer solution to remove (i) the infrared-sensitive 
material which was not removed during step (1 ), (ii) the areas of the barrier layer which were not exposed to 
aptinic radiation, and {Hi) the areas of the photopolymerizable layer (b) which were not exposed to actinic 
radiation. 

• * 

6. A process according to claim 5 which further comprises prior to or during step (2) 

(4) backflash exposing the element overall to actinic radiation through the support. 

7. A process according to claim 5 which further comprises a post-exposure step after step (3). 

8. A process according to claim 5 which further comprises a detackification treatment after step (3). 

9. A process according to claim 8 wherein the detackification treatment comprises exposure to light having a wave- 
length less than 300 nm. 

10. A process according to claim 5 wherein the product of step (2) is treated sequentially with one developer solution 
to remove (i)the infrared-sensitive material which was not removed during step ( 1 ), and a second developer solution 
to remove (ii) the areas of the barrier layer which were not exposed to actinic radiation, and (iii) the areas of the 
photopolymerizable layer (b) which were not exposed to actinic radiation. 



Patentanspruche 

1 . Lichtempfindliches Druckelement, das zur Herstellung von Platten fur den flexographischen Druck verwendet wird, 
umfassend, in dieser Reihenfolge: 

a) einen Trager; 

b) eine photopolymerisierbare Schicht, umfassend ein elastomeres Bindemittel, wenigstens ein Monomer und 
einen Initiator mit einer Empfindlichkeit gegenuber aktinischer Nicht-lntrarot-St rah lung; 

c) wenigstens eine Sperrschicht; 
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Infrarot-Laserstrahlung von der Oberflache der Sperrschicht ablosbar ist. 

Lichtempfindlichss Druckelement, das zur Herstellung von Flatten fur den flexographischen Druck verwendet wird, 
umfassend: 

a) einen Trager, 

c) wenigstens eine Sperrschicht, die vor der Belichtung durch aktinische Strahlung in der Entwicklerlosung 
Sr d^ photopotymerisierbare Schicht los.ich, quellfahig Oder dispergierbar Oder anhebbar ,st, 

d) wenigstens eine Schicht aus gegenuber Infrarot-Strahlung ^ fl " dl ^X^nach M 
scher Strahlung im wesentlichen opak ist, wobei das infrarotempf.ndl.che Matenal nach der BeLchtung 
Infrarot-Laserstrahlung von der Oberflache der Sperrschicht ablosbar ist. 

Fiement nach Anspruch 2, weiterhin umfassend *,„..♦ ,„ ir j 

e) eine ab^iehbare Deckfolie, die vor der Belichtung durch Infrarot-Laserstrahlung entfernt w.rd. 

. Element nach den AnsprOchen 2 und 3, wobei RuB in der gegenuber Infarotstrahlung empfind.fchen Schicht (d) 
vorhanden ist. 

Verfahren zur Herstellung einer Platte fur den flexographischen Druck, umfassend: 

(1 ) das bildweise Ab.6sen von Schicht (d) des Elements nach Anspruch 2 mit Infrarot-Laserstrahlung, wodurch 
eine Maske gebildet wird; 

(2) das Gesamtbelichten des lichtempfindlichen Elements mit aktinischer Strahlung durch die Maske und 
,31 das Behandeln des Produkts von Schritt (2) mit wenigstens einer Entwicklerlosung, wodurch (i) das infra- 

(b), die nicht durch aktinische Strahlung belichtet wurden, entfernt werden. 

fi verfahren nach Anspruch 5, weiterhin umfassend vor Oder wahrend Schritt (2) das 

WRK^bm-MMXen des gesamten Elements mit aktinischer Strahlung durch den Trager. 

7. Verfahren nach Anspruch 5, weiterhin umfassend einen Nachbelichtungsschritt nach Schritt (3). 

8. Verfahren nach Anspruch 5, weiterhin umfassend eine Klebfreimachungs-Behand.ung nach Schritt (3). 

9. Verfahren nach Anspruch 8, wobei die K.ebf reimachungs-Behandlung eine Belichtung mit Licht mit einer Wellen- 
lange von weniger als 300 nm umfaGt. 

belichtet wurden, entfernt werden. 
Revendications 

1 . Un element depression photosensible utilise pour la preparation de plaques depression flexographique com- 
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prenant, dans Pordre: 

(a) un support; 

(b) un couche photopolymerisable comprenant un liant 6lastom£re, au moins un monomere et un initiateur 
presentant une sensibilite a une radiation actinique non-infra rouge; 

(c) au moins une couche de separation; 

(d) au moins une couche de matiere sensible a une radiation infrarouge et qui est est sensiblement opaque 
a une radiation actinique, dans laquelle ia matiere sensible a I'infrarouge peut se separer de la surface de la 
couche de separation par exposition a la radiation laser infrarouge; 

Un element d'impression photosensible utilise pour la preparation de plaques d'impression flexographiques, com- 
prenant: 

(a) un support, 

(b) une couche photopolymerisable comprenant un lien elastomere, au moins un monomere et un initiateur 
presentant une sensibilite a une radiation actinique non infrarouge, ladite couche 6tant soluble, gonflable ou 
dispersible dans une solution de developpement, avant exposition a une radiation actinique; 

(c) au moins une couche de separation qui est soluble, gonflable, dispersible ou detachable dans la solution 
de d6veloppement de la couche photopolymerisable, avant exposition a une radiation actinique et, 

(d) au moins une couche de matiere sensible a une radiation infrarouge, qui est essentiellement opaque a 
une radiation actinique, 

dans laquelle la matiere sensible a I'infrarouge peut se separer de la surface de la couche de separation par 
exposition a la radiation infrarouge. 

Un element selon la revendication 2, qui comprend en outre: 

(e) un film de protection amovible qui est 6limin6 a I'exposition a une radiation laser infrarouge. 

Un 6l6ment selon les revendications 2 ou 3, dans lequel du noir de carbone est present dans la couche (d) sensible 
a une radiation infrarouge. 

Un procede de fabrication d'une plaque d'impression flexographique, qui comprend les etapes suivantes: 

(1) separation conform6ment a une image de la couche (d) de reiement selon la revendication 2, par une 
radiation laser infrarouge pour former un masque; 

(2) exposition totale de reiement photosensible a la radiation actinique a travers le masque; et 

(3) traitement du produit de Petape (2) par au moins une solution de developpement pour eiiminer (i) la matiere 
sensible a I'infrarouge qui n'a pas 6te eiiminee au cours de l'6tape (1 ), (ii) les zones de la couche de separation 
qui n'ont pas 6t6 expos6es a une radiation actinique et (iii) les zones de la couche photopolymerisable (b) qui 
n'ont pas ete exposees a une radiation actinique. 

Un proc6d6 selon la revendication 5, qui comprend en outre, avant ou pendant retape (2) 

(4) I'exposition par le fond totale de P6iement a une radiation actinique a travers le support. 

Un procede selon la revendication 5, qui comprend en outre une 6tape de post-exposition aprfcs I'etape (3). 

Un procede selon la revendication 5, qui comprend en outre un traitement d'6limination de la p6gosrt6 aprfcs I'etape 
(3). 

Un proc6d6 selon la revendication 8, dans lequel le traitement d'eiimination de la p6gosite comprend une exposition 
a une lumiere d'une longueur d'onde inferieure a 300 nm. 

Un proc6d6 selon la revendication 5, dans lequel le produit de Petape (2) est traite s6quentiellement avec une 
solution de developpement pour eiiminer (i) la matiere sensible a I'infrarouge qui n'a pas et6 eiiminee par I'etape 
(1) et une seconde solution de developpement pour eiiminer (ii) les zones de la couche de separation qui n'ont 
pas 6t6 exposees a une radiation actinique, et (iii) les zones de la couche photopolymerisable (b) qui n'ont pas 
ete exposees a une radiation actinique. 
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